Japanese encephalitis (JE) in Taiwan was first reported by Sakai in 19351) and by Mitamura et al. in 19392) , and has been recognized for many years. Increasing attention, however, has been paid to this disease by the medical profession and the public since July 1955 when the Taiwan Provincial Health Department listed this disease as a legally reportable disease.
The annual report of clinically diagnosed Japanese encephalitis showed a rapid increase of cases in the past several years 3)4) and, therefore, some studies on the etiology of JE in Taiwan were done recently.
The disease tends to be under-reported, especially from private clinics. On the other hand, the disease may be over-reported from some government hospitals during the epidemic season.
These affect the accuracy of the reported cases greatly and consequently make it difficult to know the true epidemiological situation.
In 1965 the Provincial Health Department undertook an epidemiological survey of JE during the epidemic season and since then has intensified detection of this disease during each summer with surveillance teams organized to detect the cases by means of regular visits to all government hospitals, private clinics, and health stations.
The information on the disease and blood specimens was collected from suspected patients for serological tests.
This Among reported cases, more patients were found in the northern part of Taiwan including Taipei, Taoyuan, Hsinchu and Miaoli Counties (Table 2) , but JE has occurred throughout the Island. The following table shows the age distribution of the reported cases. The vast majority of cases occurred among children, especially between 2 and 9 years of age. The morbidity rates per 100,000 population in the age group 0-4 years old were 22.32 in 1966 and 24.10 in 1967 ; and in the age group 5-9 years, 13.04 and 20.35 respectively in 1966 and 1967. Table 4 shows the distribution of the reported cases by month of occurrence. Except for a few sporadic cases, the majority occurred during the summer season, especially July to September.
The highest peak was usually in August. In 1965, it was discovered that the serologically confirmed cases were diagnosed from among the cases reported during the period from July 10 to September 16 only. The cases reported as JE earlier or later than the summer epidemic season may include more non-JE cases, and hence, need serological confirmation. For the diagnosis of JE, blood specimens from patient are required twice, namely, in the acute stage and in convalescence.
Though a few of the patients refused and some patients died suddently early in the disease, most of the parents and patients were cooperative and agreed to examination. The serological method followed for the diagnosis of JE mainly comprised the complement fixation test (CF) and the hemagglutination inhibition test (HI). To save serum, the tray method for HI and the drop-method for CF were used (following the Japanese NIH technique).7)8)
The Nakayama and JaGAr strains of JE virus were used as antigens in all serological tests in the study. Antigen was prepared by Casals's method, lyophilised, and sold by Takeda Pharmaceutical
Co. The lowest serum dilution tested by HI was 1: 10, and the highest was 1 : 640, while for the CF test, the lowest serum dilution used was 1 : 4 and the highest was 1: 128.
A. Etiological Survey of Reported Cases in 1965
During 1965, protocols of reported cases were collected from the northern four counties.
The diagnosis underwent scrutiny by an expert panel and necessary follow-up of cases was made. Reported cases with any evidence of other diseases, such as tuberculous meningitis, pyogenic meningitis, acute enteritis with convulsions, polio, etc. were excluded from the group, as well as some patients who died suddenly in the acute stage of the illness, and for whom adequate laboratory examination was not available, but who were nevertheless under strong suspicion of JE. There were 371 cases reported from the northern four counties of Taiwan, but 80 of them were excluded etiologically and 36 serologically as probably non-JE. If these cases are excluded, the case fatality rate in 1965 was 19.21 % as shown in Table 5 .
B. Serological Confirmation of Reported Cases in 1965-1967
Criteria used for diagnosis were a 4-fold elevation of HI and CF antibodies in paired sera or titers exceeding 1 : 320 for HI and 1 : 32 for CF test in a single serum.
In the acute stage, most sera showed lack of a positive evidence, but we regarded the serological test as negative when evidence was lacking at convalescent stage of illness.
Serological tests for JE during 1965, 1966, and 1967 are shown in the Table 6 and Table 7 .
Japanese encephalitis is one of the most important endemic diseases in Taiwan at the present time, and the significant increase of cases during recent summers called considerable attention to it by the public. Although JE has been listed as a reportable disease since 1955, almost no control measure had been taken against this disease until 1965 when the Provincial Health Department initiated the epidemiological survey of this disease, and an arborviruses laboratory was step-up in the Taiwan Vaccine and Serum Institute for serological test and surveillance teams were organized for case-finding.
To determine the feasibility of production of vaccine for mass immunization, a fled trial on effectiveness of JE mouse-brain vaccine was carried out in summer of 1965.
Rased on these studies, some control measures have been introduced since 1966 as follows.
Man is not the sole host of JE virus, since many mammals and avians can be the host also. Above all, the pig may play an important role in the dissemination of JE virus to human.
The pig amplifies a small amount of JE virus and produces many virulent mosquitoes. If we can observe the relationship of pigs to JE virus carefully, these findings may be useful to forecast epidemics of JE in human.
In 1966 and 1968, sero-negative piglets and rabbits were kept as baited animal for observation on conversion of HI-antibody and isolation of viruses from blood.
The results are shown in Fig. 1 and Fig. 2 . Sero-conversion in hog is usually a few weeks earlier than in man, so that the arrival of epidemic season for man can be forecasted.
During 1965, the field trial for JE vaccine was carried out and surveillance teams were organized to detect the cases in the northern four countries of Taiwan. These teams have expanded to the whole of Taiwan since 1968. The main object of these teams is to visit the clinic for detecting suspicious cases of JE and col- In 1967, preventive spraying with insecticide was carried out twice per month at the villages where more than 2 JE cases were reported during the past 3 years. The number of villages sprayed reached 171, and the areas sprayed covered 15,641,972 Km2.
This project has been continued since 1968 as a 5-year project. Spraying with insecticide will be done twice per month during July to September at the villages where JE cases were reported in the past 2 years.
According to the project, all insecticide will be supplied at the expense of the Province, but the majority of the labor for spraying should be provided by the county and township.
Vaccination Program
Although JE vaccine produced from mouse-brain has demonstrated its efficacy in prevention of JE, our scale if production of the vaccine is still too limited for supplying large amounts of vaccine to cover the necessary age group and our budget is also short.
The first field trial of immunization by JE vaccine in Taiwan was carried out in 1965. No vaccination was given in 1966. With the donation of 80,000 ml of JE vaccine from Biken, Osaka University, Japan, and a small amount of self-produced vaccine, 44,967 children were vaccinated in 1967. In 1968, 469,540 ml of local made JE vaccine were released.
The details are in Table 8 .
As the most susceptible age group to JE in Taiwan is 3 to 7 years old, the future immunization program will provide 2 doses of vaccine to all children at the age of 2 years and one booster dose at the age of 3 years.
The full scale immunization to reach the above target will take 5 years beginning in 1969.
Discussion
The number of the reported cases of JE in Taiwan has been increasing year by year and the increase has been especially significant since 1965. The increase is partly due to the increase of population. However, the accuracy of the reported cases remains doubtful. Although JE has been listed as a reportable disease since 1955, there was no active case-finding program until 1665. The great majority of reported cases came from the University Hospital and provincial hospitals, but the report from private clinics and hospitals remains very poor. There was, doubtless, under-reporting of cases. On the other hand, over-reporting of non-JE cases from public hospitals might also exist during epidemic season, due to excessive publicity on this disease through newspapers and radios. Since 1965, the reported cases have been partly evaluated by serological methods. About 50 per The increase in cases is probably attributable to the expansion of wellirrigated rice paddy-fields were C. tritaeniorhynchus usually grows and to the increase of pig population which is considered the main virus amplifier.
However, the correlation between the increase of human cases and that of the latter two factors was not studied.
The epidemic of JE has been by and large localized in the northern part of the Island until recent years, but there is a trend townard spreading to the whole Island.
This fact coincides with the density of C. tritaeniorhynchus population revealed by the island-wide mosquitoes surveys. JE in Taiwan is still a disease of childhood. A serological survey in March 1965 showed that 323 of 1,112 children (29.0 %) in the study area (pre-epidemic) were found to have HI antibody against JE higher than 1: 10. Another similar survey undertaken in November 1965 (post-epidemic) showed that 156 of 464 children (33.6 %) had HI antibody titer higher than 1: 10. This indicated that probably most inhabitants were infected during their childhood in Taiwan.
The present measures of control against this disease are inadequate. As the production of JE vaccine will not be met for large-scale immunization, there remains doubt as to whether a two-dose vaccination of mouse-brain vaccine plus one-dose booster can provide protection to a susceptible child to enable him to get through childhood safety.
In addition, there is the need of entomological study on transmitting vector which may lead to some effective measures for the control of this disease in Taiwan.
Summary
The epidemiology of JE in Taiwan during the past 13 years has been reviewed. The cases of JE have been increasing year by year since 1955. The morbidity rate reached 7.8 per 100,000 population in 1967, and case fatality rates were 20.8. Accumulated data shows that the incidence of JE is remarkably higher in the northern part of Taiwan than elsewhere in the island.
The most susceptible age group of JE in Taiwan is between 2 to 9 years of age. JE in adults and older age groups are seldom found. The distribution of JE cases by month was almost limited to July, August and September.
Since 1965, reported cases of JE have had their sera evaluated serologically, and about 50 % of them were confirmed serologically.
Although there are no well-established control methods, the following four procedures are adapted in Taiwan for Japanese encephalitis at the present time ;
1. Forecast of epidemic of JE through observation of sero-conversion in pigs. 2. Surveillance of JE cases and confirmation by serological methods. 
